PRIVATE BRANCH EXCHANGE (PBX) CONDITIONING 
METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 
The present invention relates to providing telephone service via PBX to 
remote phones, and more specifically to providing direct public switched telephone 
network (PSTN) service thereto. 

Fig. 1 illustrates a prior art system 10 in which plural remote telephones 12a, 
12b, 12c behave as if they are directly connected to a PBX 14. A frame relay network 
16 and its individual FRF.l 1 trunk connections 16a, 16b, 16c between the remote 
phones 12a, 12b, 12c and PBX 14 enable remote phone use, for example, when a user 
is at home, e.g. employee is telecommuting, or at a branch office. Voice-equipped 
routers 18a, 18b o\ either end of network 16 perform call routing, as is known. PBX 
14 will be understood typically also to have plural local telephones 12d, 12e, 12f 
directly connected theVeto via a PBX station interface indicated as a dashed outline 20 
(typically a part of PBX\ 14). Those of skill in the art will appreciate that interface 20 
maintains status bits indicating the status, e.g. on-hook or off-hook, do-not-disturb, 
busy, etc., for each PBX-cWiected phone. 

Voice over packet technology (e.g. FRF. 1 1 or Voice Telephony over ATM 
(VToA) AAL2 trunks) enableV the connection of remote telephones to standard PBX 
station interfaces in support of\elecommuters and small branch offices that desire 
connections to a main corporateWx. These connections are often implemented with 
a simple fixed point-to-point topotagy, as described above by reference to Fig. 1, such 
that the on-hook or off-hook statusVf the phone is simply replicated at the PBX 
station interface. This enables standard PBX features like forwarding a call to 
voicemail upon a busy signal or a ringVio-answer condition to continue to function as 
if the phone were still directly attachedto the PBX. One disadvantage of this 
approach is that the remote phone on the temote user's desk can place calls only via 
the main PBX. If the remote user wishes tt> place calls via a local PSTN connection, 
then the user requires a second phone. AlsoMn the branch office case, calls between 
users at the branch office are routed via the ceVtral PBX and consume data bandwidth 
on the voice over packet connection between this branch site and the main site. 
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SUMMARY OF THE INVENTION 

The invention involves a method for maintaining a virtual presence of a first 
remote telephone user in a PBX system having a frame relay network connection 
between two endpoint routers while permitting the first remote user to make local 
calls. The method includes first signaling a PBX to represent the remote telephone as 
being off hook; routing a telephone call placed at the remote telephone in accordance 
with a defined protocol; and when the routed telephone call is terminated, second 
signaling the PBX to restore the on-hook status of the remote telephone. Preferably, 
the first and second signaling are performed in-band, in accordance with an FRF. 1 1 or 
VToA AAL2 voice over packet protocol. The telephone call-routing may be to a 
public switched telephone network (PSTN) local to the remote telephone or it may be 
to another remote telephone user at the same site within the PBX system as the first 
remote telephone user. The signaling is to a PBX station interface associated with the 
PBX, so that the PBX in normal response to the signaling either forwards incoming 
calls directed to the remote telephone to a voice mailbox or otherwise indicates in 
normal response thereto that the telephone is busy for the duration of the call. 

The invented apparatus includes a mechanism for selectively routing a 
telephone call placed at a PBX-connected telephone to the local PSTN; a mechanism 
for first signaling the PBX that the PBX-connected telephone is temporarily incapable 
of receiving calls; a mechanism for detecting a termination of such a PSTN-routed 
telephone call; and a mechanism responsive to the detecting mechanism for second 
signaling the PBX that the PBX-connected telephone again is capable of receiving 
calls. 

The foregoing and other objects, features and advantages of the invention will 
become more readily apparent from the following detailed description of a preferred 
embodiment which proceeds with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a system block diagram illustrating a conventional means for 

providing remote dedicated trunk connections between remote telephones and a 

private branch exchange (PBX). 

Fig. 2 is a system block diagram including a PBX conditioning system, in 

accordance with one embodiment of the invention. 
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Fig. 3 is a system block diagram including the PBX conditioning system, in 
accordance with an alternative embodiment of the invention. 

Fig. 4 is a simplified schematic block diagram of a PBX conditioning 
apparatus that forms a part of the PBX conditioning system, in accordance with a 
preferred embodiment of the invention. 

Fig. 5 is a flowchart illustrating a PBX conditioning method, in accordance 
with one embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Fig. 2 shows a first embodiment of the invented system, indicated generally at 
22. Those of skill in the art will appreciate that features of invented system 22 shown 
in Fig. 2 that are identical with corresponding features of prior art system 10 in Fig. 1 
are identically designated and operated, and thus will not be described again. 

Invented system 22 may be seen to include a near-end voice-equipped router 
18b, as in the prior art, connected directly to PBX 14. However, far-end voice- 
equipped router 18a' is different in that it provides a local telephony switching system 
24 for local public switched telephone network (PSTN) connections from and to 
remote phones 12a, 12b, 12c. Also, system 22 includes within far-end router 18a 5 
what will be referred to herein as a PBX conditioning system 26. PBX conditioning 
system 26 will be understood to be preferably implemented in software or firmware, 
although within the spirit and scope of the invention it may be implemented in any 
suitable form. 

PBX conditioning system 26 is shown in Fig. 2 as taking the form of plural 
PBX conditioners 26a, 26b, 26c corresponding with phones 12a, 12b, 12c and FRF. 1 1 
trunk connections 16a, 16b, 16c, respectively. Those of skill in the art will appreciate 
that typically more (or, atypically, fewer) than three conditioners, phones and trunk 
connections may be provided, within the spirit and scope of the invention. 

A typical one of plural PBX conditioners 26a, 26b, 26c now will be described 
by way of its behavior. When a call is placed by PBX 14 associated with the remote 
phone extension via the voice over packet trunk connection, it is automatically routed 
to the designated phone, e.g. phone 12a. In other words, a direct connection is 
emulated. When a remote user wishes to place a call, local router 18a' provides a dial 
tone and the user enters an access code (e.g. a single digit) to select either a 
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connection to central PBX 14 or a local connection to PSTN 24. For example, the 
user might dial 9 to get a local PSTN connection or 8 to get a PBX connection. The 
user may also directly dial the extension number of a same site co-worker at the 
branch office, in which case the call is routed locally through the switching system 
inside data router 1 8a'. Those of skill in the art will appreciate that this bypass of 
PBX 14 and frame relay network 16 saves critical bandwidth. 

In the case where the PBX access code is dialed, e.g. 8, the user is connected 
through the voice over packet trunk connection to the PBX onto the assigned station 
interface for the phone and receives a dial tone from central PBX 14. This behavior 
emulates the normal remote phone connection via an FRF.l 1 or VToA AAL2 trunk. 

In the case where the user dials the local PSTN access code, e.g. 9, or the 
extension of a local co-worker, PBX conditioner 26a provides the needed local 
connection (via PSTN 24 within data router 18a'). In this case, PBX conditioner 26a 
also performs the following. When the remote phone is in use for a connection other 
than via central PBX 14, the conditioning system conditions PBX station interface 20 
to indicate to the PBX that the remote phone is unavailable. Such conditioning may 
occur in any of a number of ways, in accordance with the invention. 

Preferably, PBX conditioner 26a generates an off-hook indication at PBX 
station interface 20 to make the phone appear busy. This will trigger call attempts 
made by PBX 14 to invoke the forward on busy behavior (e.g. forward to voicemail). 

Alternatively, PBX conditioner 26a may activate the do-not-disturb feature for 
the affected phone within station interface 20. This may be implemented as a 
sequence including a simple off-hook, followed by sending a simple (configurable) 
DTMF key sequence to PBX 14, then on-hook. 

Alternatively, PBX conditioner 26a may activate the call-forward feature of 
PBX 14 and supply the phone number of a voicemail system associated with the PBX. 
Again, this may be implemented with a sequence including a simple off-hook, 
followed by a DTMF keying sequence, then on-hook. The DTMF sequence includes 
the phone number to which to forward calls. 

Alternatively, PBX conditioner 26a may send a do-not-disturb or call-forward 
instruction to PBX 14 via alternative means such as a data signaling link. When the 
user has completed the local call and returned the phone on hook, the off-hook, do- 
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not-disturb, or call forward conditioning at PBX station interface 20 is removed, i.e. 
on-hook status of the phone is restored. 

All such preferable and alternative embodiments of the invention are 
contemplated, and are within the spirit and scope of the invention. Such signaling and 
conditioning as are described and illustrated herein preferably are in-band signaling 
and conditioning. This is because the existing hardware and software infrastructure 
and protocols preferably are used to affect the status of bits in the existing PBX 
station interface, without resort to external signaling or conditioning communication 
channels or mechanisms. Such in-band conditioning of PBX station interface 20 may 
be achieved entirely from far-end router 18a' by manipulating (or modifying) one or 
more of the FRF. 11 or VToA AAL2 trunk connection status bits within PBX station 
interface 20, without modification of or extension to these standards. Alternatively, 
and yet within the spirit and scope of the invention, out-of-band signaling and 
conditioning may be used. 

Fig. 3 shows an alternative embodiment of the invention in which a PBX 
conditioning system is more proximately, e.g. directly, connected with the PBX. 
Those of skill in the art will appreciate that features of the embodiment shown in Fig. 
3 that are identical with those of Fig. 2 are identically designated and operated, and 
thus will not be described again. 

In accordance with the alternative embodiment, the frame relay network 
connection is a voice over frame relay (VoFR) connection 16" carrying switched 
telephone calls (over VoFR trunk 16a" carrying plural switched voice signals) 
between two routers 18a 1 and 18b*. Routers 18a 1 and 18b' provide PSTN connections 
24a, 24b, respectively, as indicated, and proximate router 18b' is the router that in 
accordance with this embodiment includes PBX conditioning system 26. As in the 
preferred embodiment, PBX conditioning system 26 preferably includes plural, e.g. 
three, PBX conditioners 26a, 26b, 26c corresponding with telephones 12a, 12b, 12c, 
respectively. PBX conditioners 26a, 26b, 26c function identically as described above 
by reference to Fig. 2. In other words, they signal and condition PBX station interface 
20 to permit telephones 12a, 12b, 12c to place local calls via PSTN 24a while also 
maintaining a permanent virtual presence as though they were directly connected to 
PBX 14. 
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Fig. 4 is a simplified schematic block diagram of PBX conditioning system or 
apparatus 26 in accordance with a preferred embodiment of the invention. Apparatus 
26 will be understood to be for use in an endpoint router 1 8a or 1 8b having a PSTN 
connection 24 or 24b and a voice-equipped frame relay network connection 16' or 16", 
as described above by reference to Figs. 2 and 3. Apparatus 26 may be seen to 
include a mechanism or means 28 for selectively routing a telephone call placed at a 
PBX-connected telephone, e.g. phone 12a, to the local PSTN 24 or 24b. (Those of 
skill will appreciate that, alternatively, the call may be routed to a same site co-worker 
who is connected to PBX 14 via the same router, as described above.) It may also be 
seen to include a mechanism or means 30 for signaling PBX 14 that the PBX- 
connected telephone is temporarily incapable of receiving calls. It includes a 
mechanism or means 32 for detecting a termination of such a PSTN-routed telephone 
call, as described above. Finally, it includes a mechanism or means 34 responsive to 
detecting mechanism 32 for signaling PBX 14 that the PBX-connected telephone 
again is capable of receiving calls, also as described. 

Those of skill in the art will appreciate that the mechanisms or means 
described above and illustrated in Fig. 4 preferably are implemented in software or 
firmware within the respective router 18a 1 or 18b\ Preferably, plural operative 
instances of each mechanism are implemented for one or more of the routers on either 
end of a frame relay network 16 f or 16". Alternatively, a single instance of software or 
firmware may implement the control mechanisms 26 for the plural frame relay 
network trunk connections 16a 1 , 16b 1 , 16c 1 or 16a". Any suitable software or firmware 
implementation, or a hardware-assisted or hardware-implemented alternative, are 
within the spirit and scope of the invention. 

Turning now to Fig. 5, the invented method will be described in more detail. 
The invented method involves a) at 100, first signaling a PBX to treat the remote 
telephone, and to represent the remote telephone to incoming callers, as being off 
hook; b) at 102, routing a telephone call placed at the remote telephone in accordance 
with a defined protocol; and c) at 104 and 106, when the routed telephone call is 
terminated, second signaling the PBX to restore the on hook status of the remote 
telephone. Those skilled in the art will appreciate that the first signaling, or 
conditioning, step is performed as described above preferably by a router 18a 1 or 18b 1 , 
via in-band communication with PBX station interface 20. 
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Those of skill in the art will also appreciate that the treatment and 
representation of the remote telephone, e.g. telephone 12a, as being off hook may be 
accomplished by any of the above-described preferred and alternative methods. Thus 
off hook as used herein is used in its broadest possible sense. As such, off hook 
includes the case where PBX station interface 20 indicates busy, do-not-disturb or call 
forward-to-voicemail for the remote telephone. This off-hook signaling may or may 
not actually involve setting an explicit off-hook bit in the PBX station interface. 
Those of skill in the art also will appreciate that routing a call in accordance with a 
defined protocol may involve use of local PSTN 24 or 24a. Alternatively, the 
protocol may involve routing a call to another remote telephone user at the same site 
within the PBX system, e.g. phone 12b or 12c. Preferably, such signaling is 
performed in-band and is in accordance with an FRF. 11 or VToA AAL2 voice over 
packet protocol, although alternative out-of-band signaling (using means external to 
frame relay network 16 and/or PBX station interface 20) in accordance with 
alternative frame relay network protocols are within the spirit and scope of the 
invention. 

Referring still to Fig. 5, the method further may involve c) at 106, forwarding 
an incoming call directed to the remote telephone to a voice mailbox generally from 
the time when the first signaling (100) occurs to the time when the second signaling 
(104) occurs. In other words, for substantially the duration of the call placed on the 
remote telephone by the router, the PBX uses call forwarding for incoming calls to the 
remote telephone. Alternatively during the same period of time, the method further 
may involve c) also at 106, indicating in response to an incoming call directed to the 
remote telephone that the telephone is busy. 

Finally, those of skill in the art will appreciate that the invented method and 
apparatus described and illustrated herein may be implemented in software, firmware 
or hardware, or any suitable combination thereof. Preferably, the method and 
apparatus are implemented in software, for purposes of low cost and flexibility. Thus, 
those of skill in the art will appreciate that the method and apparatus of the invention 
may be implemented by a computer or microprocessor process in which instructions 
are executed, the instructions being stored for execution on a computer-readable 
medium and being executed by any suitable instruction processor. Alternative 



Docket No. 2705-111 



7 



embodiments are contemplated, however, and are within the spirit and scope of the 
invention. 

Having illustrated and described the principles of my invention in a preferred 
embodiment thereof, it should be readily apparent to those skilled in the art that the 
invention can be modified in arrangement and detail without departing from such 
principles. I claim all modifications coming within the spirit and scope of the 
accompanying claims. 
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